On the Influence of Coal-dust in Colliery Explosions
. 401 E. A small air-fan driven by a steam turbine. > P. The windlass. G. A grooved wheel for driving the fan inside the explosion chamber by means of an endless cord that passes over a small grooved pulley in the centre of the end of that chamber.
H. The fire-damp pipe. K. The steam pipe. When the vessel D is full of water and raised to the point it occupies in the drawing, its contents flow into the measuring vessel C, and expel the air contained in it. The vessel D is then lowered until its top is under the level of the bottom of the measuring cylinder, and the water flows back out of the latter into the former; and when the upper end of the measuring cylinder is in communication with the fire-damp pipe it fills with that gas. By raising the vessel D again to the position occupied at first, the fire-damp can be expelled and driven into the explosion chamber at a.
Following are the various operations that require to be performed before an experiment is made:-The explosion chamber is drawn back and several sheets of paper are inserted between it and the gallery, so as to form a diaphragm between them. They are then bolted together, and the quantity of fire-damp required to produce the most explosive mixture is forced into the explosion chamber from the measuring cylinder, at the same time that a corresponding quantity of air is allowed to flow out below. The lower opening is then plugged, and the wheel G is revolved 100 times. Meanwhile the fan E can be supplying heated air to the gallery through the channel which con nects them; but in my later experiments I have not found that this affects the result to an appreciable extent. The side which consti tutes the door of each section of the gallery is raised in succession, and coal-dust is strewed on the floor to a thickness of ^to £ inch; some is also laid on shelves, which are placed in sets of three, one above the other, at distances varying from 10 to 20 feet apart.
When the floor is made damp with water, so as to fix every particle of dust that cannot be swept out with a brush, the flame of the fire damp explosion travels along the gallery to a distance of 12 feet on the average. When the gallery contains coal-dust, on the other hand, the explosion of the fire-damp raises it in a cloud, and the flame appears to travel as far as the cloud contains more than a certain minimum amount of dust, and then to die out for want of fuel. A fair average distance is 70 feet, but it occasionally reaches 80 and 85 feet, and on one occasion it extended to 104 feet. The natural supply of fire-damp is too limited to admit of the creation of an atmosphere with an appreciable proportion of fire-damp in the interior of the gallery, so that all the experiments have been made with pure air hitherto ; and, further, as I have already mentioned, I do not find
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2 N that heating the air to a temperature of 70° or 80° Fahr. makes any difference in the result, so that I have discontinued to do so in the more recent experiments.
With this apparatus, as with the smaller one described in my pre vious-paper, of which it is a copy, the inertia and frictional resistance of the air filling the gallery appears to be a factor of considerable importance. For instance, if the whole of the sections are closed, making the gallery continuous throughout its whole length of 126 feet, the flame of the coal-dust does not reach further than 50 or 60 feet from the origin ; but if the sides of the fourth and fifth sections are open, making the closed portion only 54 feet long, and leaving 36 feet with only three sides, the flame will, as a rule, be 70 feet and sometimes 80 and 90 feet long. The flame of the coal-dust appears to be self-supporting in pure air, but it cannot keep up the disturbance necessary to supply itself with fuel on this small scale, and, conse quently, it cannot get much beyond the point to which the more energetic action, of the fire-damp explosion has extended. I will not pursue this subject further at present, as it is my intention to continue the experiments, and I hope to have another opportunity of stating the results.
Three great colliery explosions took place during the year 1880, namely, Eisca on the 15th of July, with a loss of 120 lives; Seaham on the 8th of September, with a loss of 164 lives; and Penygraig on the 10th of December, with a loss of 101 lives. For the purpose of the present paper I visited Risca Colliery on the 24th of October, and Seaham Colliery on the 24th of November of the same year. I had also an excellent opportunity of acquiring an intimate knowledge of the details of Penygraig explosion, having been* entrusted with the direction of the exploring operations, and having visited the workings twice within the first twenty-four hours after its occurrence, and several times at a later period. The workings of each of these mines were dry, and their roadways were covered with dry coal-dust, from the faces at which the coal was worked to the bottom of the upcast and downcast shafts; but, with the exception of making this general remark regarding them, I do not propose, in this place, further to refer to the Risca or Seaham explosions.
At Penygraig Colliery I made three principal sets of observations which have not, I believe, been made in any previous case of the kind, and they appear to throw a considerable amount of light on the nature of the accident. They were as follows :-1. The flame of the explosion ha passed every part of the workings with the exception of one wet heading d (see the accompanying plan) at the bottom of the downcast shaft. * I t should be mentioned in this place th a t I had no connexion w ith or know ledge of Penygraig Colliery before the explosion took place.
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Four of the five men who escaped with their lives were m the heading d at the time of the explosion. They saw the flash, hat were not burnt. The fifth, who was working in a de sac at e, was slightly burnt, and remained unconscious for many hours. The unshaded galleries on the plan, except d, show the universal distribution of the flame, which must also be supposed to have passed over the ground covered by falls of roof due to the explosion. The shaded patches show the points at which the evidence of a high temperature, such as really charred timber and thick deposits of coked coal-dust, were strongest. It will be seen that each of these points was either in a cul de s a c , or wa opposite directions.
2. Five or six of the seventeen bodies found between the points b and e in the main heading were in a kneeling , then mouths were covered with their h a n d s , and their faces were pres on the floor. One body in the roadway l was the same position; another near him was lying on his side with his coat drawn closely over his mouth and n o s e , and held tightly with one hand; and a thi at the opposite side of the roadway, had his mouth pressed on the ground, his head having been twisted round to some extent so as to admit of this. I observed that two of the first group and the three constituting the last group had been burnt after they had assumed these positions, but unfortunately I did not particularly examine the others, as they had been removed before the true significance of these circumstances had dawned upon me.
3. There were deposits, or crusts, of coked coal-dust m every working place in the mine (from the district with the two small arrow heads above the upcast shaft to the district g above the downcast shaft at the opposite extremity), that is to say, where the coal-dust was comparatively free from impurities, and capable of adhering to the timber and other objects when thrown against them in a fluid or semi-fluid state. On the other hand, the same kind of deposits were very rare, and for the most part entirely absent, in the main roadways through which the flame must necessarily have passed in travelling from one district to another, that is to say, where the coal-dust was largely mixed with shale-dust and other , and consequently incapable of cohering when heated.
The following table of analyses which the late Professor A. FreireMarreco, of Newcastle-on-Tyne, kindly prepared for me, shows the composition of the coal itself, that of the dust from the floor, &c., and that of the so-called coked coal-dust.
Each number on the table corresponds to the same number on the plan, which indicates the spot at which the sample in question was collected. The small black single-headed arrows show the direction in which the deposits of coked coal-dust were thrown against the objects to which they were found adhering. The double-headed arrows show that it had been thrown against the same objects from two sides, probably first from one side and then from the other. It should be carefully noted that, as a rule, the arrows point away from the solid ground, and consequently in a direction contrary to that in which the blast must of necessity have travelled in passing through or into every working place in the colliery, except the one in which the explosion originated. It must, therefore, have been deposited during th e retrograde movement of the a i r , and this corresp tion I had previously made at Llan Colliery in regard to the same phenomenon (" Proc. Roy. Soc., " vol. 24, p. 359) . If these deposits were to be found everywhere in the workings, and if the currents which produced them were not liable to baffling and reversal from local circumstances, it is obvious that the arrows showing the direc tion in which they had been thrown would nearly all point backwards to the spot at which the explosion had originated. Although differences of opinion were expressed as to the causes of the explosion in the case before us, it was admitted on all hands, that it had probably originated somewhere in the neighbourhood of the point o.
Lastly, although the existence of accumulations of explosive gas appears to have been almost unknown in the mine, there could be no doubt that a very large amount of fire-damp was being constantly 
